Background: Previous systematic reviews have assessed the effect of critical care outreach services, but none have focused solely on nurse-led services. Aim: To perform a systematic review examining the impact of nurse-led critical care outreach services on inpatient mortality rates as the primary outcome. Secondary outcomes include arrest call rates and patient length of stay. Methods: A comprehensive search of several electronic databases was carried out, including the Cumulative Index to Nursing and Allied Health Literature and Medline. Non-catalogued literature was searched, and contact was made by e-mail with expert authors. All studies were in the English language, and although heterogeneous in design, only quantitative data were extracted for analysis. All included studies were assessed for quality using recognized quality appraisal tools. Meta-analysis was not possible because of heterogeneity. Results: Ten studies involving almost 72 000 participants were identified. The reduction in mortality rates with nurse-led critical care outreach services was reported to be 80%, but the statistical significance was low -four studies showed reductions ranging from 0⋅1% to 0⋅22%. Greater statistical significance was reported in arrest call rates, with two studies claiming decreased rates of 58⋅7% and 29⋅6%. Two studies reported a decrease in patient length of stay -the findings of a third study were equivocal. Half of the included studies scored poorly in terms of quality and validity, and all were single-centre studies, thereby limiting generalisability. Conclusion: Nurse-led critical care outreach services demonstrate benefits in terms of patient care and reduction in adverse events. Higher-quality research, including multicentre randomized controlled trials, with meta-analysis is recommended. Relevance to clinical practice: Nurse-led critical care outreach services have the potential to improve patient outcomes. Uniformity of team composition and nomenclature would benefit data collection and reporting.
BACKGROUND
The systematic failure to identify seriously ill patients and expedite appropriate care results in unnecessary deaths and admissions to intensive care units (ICUs) (Hillman et al., 2000) . Most adverse events are neither sudden nor unexpected -many patients show signs of clinical deterioration several hours before a major adverse event (Schein et al., 1990; Hillman et al., 2001; Buist et al., 2004; Kause et al., 2004; Hogan et al., 2012) . Contributing factors to the failure of preventing such deterioration are substandard levels of care and delays in seeking an urgent medical response (McQuillan et al., 1998; Hillman et al., 2002; Buist, 2008) .
International organizations have developed guidelines to help address these failures (Department of Health, 2000; Institute for Healthcare Improvement, 2006; The Australian Commission on Safety and Quality in Health Care, 2010; National Institute for Health and Clinical Excellence, 2012) . One such response was the emergence of Critical Care Outreach (CCO) teams, pioneered in Australia in the 1990s and described as physician-led services with senior critical care nurses as team members (Hillman et al., 2000) . These teams are described in the literature under various titles, including Medical Emergency Teams (METs), Rapid Response Teams, Patient at Risk Teams (McGaughey et al., 2007) and 'high capability teams' or 'ramp down' teams (De Vita et al., 2006) . CCO is defined as:
'a multidisciplinary organisational approach to ensure safe, equitable and quality care for all acutely unwell, critically ill and recovering patients irrespective of location or pathway' (The National Outreach Forum, 2014) Nurse-led critical care outreach services (NL-CCOSs) are the second most common model of the response team described by De Vita et al. (2006) . These 'intermediate capability teams' or 'ramp up' teams, while nurse-led, also comprise other non-physician members, including respiratory therapists.
Numerous studies and systematic literature reviews have reported inconclusive results on the impact of METs and Early Warning Score Systems on outcomes including mortality, arrest call rates, patient length of stay and unplanned ICU admissions (Dawson and McEwen, 2006; Esmonde et al., 2006; McGaughey et al., 2007; Chan et al., 2010) . Systematic literature reviews by Esmonde et al. (2006) , McGaughey et al. (2007) and Chan et al. (2010) have included studies on nurse-led services, but no systematic literature review exclusively examining a NL-CCOS and its impact on inpatient mortality rates was identified, highlighting a gap in the literature, which this paper would like to address. Pedersen et al. (2014) suggest that diversity in CCO models has contributed to the lack of conclusion as to its efficacy. The 2005 MET conference recommended standardization of terminology -the diverse worldwide CCO taxonomy reduces the ability to enable benchmarking and promote research. The nurses providing the NL-CCOS have been referred to in the literature under numerous titles -in this systematic literature review alone, 13 different terms describing NL-CCOS team members were identified, including Registered Nurse, ICU Liaison Nurse, Clinical Nurse Specialist and Advanced/Registered Advanced Nurse Practitioner. To add to the complexity, various authors have described nurse-led services using titles previously reserved for physician-led teams.
Systematic literature reviews are frequently described as the gold standard of research designs and have come to represent the best method of searching, appraising and synthesizing clinical research evidence because of their methodological rigour (Moher et al., 2015) . This results in a wider knowledge base that enhances evidence-based practice and provides an opportunity to bring to light relevant studies that might otherwise be overlooked. This paper proposes that a systematic literature review offers the best means of evaluating the experimental study designs chosen to answer the paper's question but also has the potential to add rigour and scientific value to the qualitative studies that have heretofore characterized nursing research.
For the purposes of clarity, this systematic literature review will only describe nurse-led services, regardless of nurse grade or team composition, as NL-CCOSs. Physician-led teams will be referred to as METs, replacing all variations in nomenclature in the original studies. Similarly, all references within the included studies to cardiopulmonary arrests, cardiorespiratory arrests, codes, code arrests and code blues will be termed arrest calls.
METHODS Aim
This systematic literature review aims to examine the impact of NL-CCOSs on inpatient mortality rates. The PICOS framework from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009) was used to outline the systematic review question. The Population included all admitted patients on medical and surgical wards in acute general hospitals. The Intervention was an NL-CCOS, and the Comparison was no NL-CCOS. The primary Outcome was mortality. The Study designs were heterogeneous, but only quantitative data were extracted for analysis.
Primary outcome
• Inpatient mortality rates.
Secondary outcomes
• Arrest call rates.
• Patient length of stay.
Inclusion criteria
• Male and female patients admitted to medical and surgical wards, irrespective of diagnosis or resuscitation status.
• Patients older than 14 years of age.
• Patients with length of stay greater than or equal to 1 day. • Patients exposed to the intervention of an NL-CCOS, in isolation or in conjunction with a pre-existing MET.
• English language studies.
• Quantitative study data. • Qualitative data from mixed methods studies.
Exclusion criteria

SEARCH STRATEGY
A comprehensive search was carried out to identify relevant studies in the English language for inclusion in the systematic literature review. CCO was pioneered in the 1990s, but the search date was commenced at the year 1980 and concluded on the 11 February 2017 to facilitate capturing the broadest possible selection of articles. The electronic databases were searched using keywords, incorporating Boolean operators. Where a thesaurus was available, subject heading searches using truncation were performed. The databases searched were as follows: the Cumulative Index to Nursing and Allied Health Literature, Medline, Embase, Web of Science, Scopus, Google Scholar and the Cochrane Library. Non-catalogued documents were searched using the OpenGrey and OpenDOAR electronic databases. Seven international authors of relevant published studies were contacted by e-mail in December 2016. One author in New Zealand sent a recent study on an NL-CCOS, which was included in the systematic literature review. Hand searches were conducted of the reference lists of identified studies, and two journal articles
were supplied by the library of an academic institution.
Search results
The search for relevant studies yielded 84 articles from databases and a further 8 articles from e-mail correspondence with international authors of studies in CCO. After duplicates were removed, 85 articles were screened, and 67 were excluded. Many did not identify the primary outcome, and numerous studies were on physician-or intensivist-led CCOSs only. The remaining articles did address nurse-led services but were in outreach specialty areas, including paediatrics, surgery, cardiology, respiratory and community. Eighteen full-text articles were reviewed, and eight of these studies, including four systematic reviews, were excluded. The remaining 10 studies selected for this systematic literature review were deemed by the authors to meet the inclusion and exclusion criteria agreed upon and cover a 10-year period from 2004 to 2014. The authors believe that this time frame offers a balance between the earliest published research in NL-CCOSs and the most recent literature available prior to commencement of this systematic literature review.
QUALITY APPRAISAL
This systematic literature review was undertaken as part of an academic programme. The methodological quality, design and content validity of the included studies was assessed using two quality appraisal tools recommended by the authors' academic institution. The singular randomized controlled trial (RCT) included was assessed using the Joanna Briggs Institute (2014) Critical Appraisal Checklist for Randomised Control/Pseudo-randomised Trial. The nine remaining studies of heterogeneous design were assessed for quality using the Evidence-based Librarianship Critical Appraisal Checklist (Glynn, 2006) . One author was responsible for data extraction and devised a data extraction form based on the Population, Intervention, Comparative intervention and Outcome (PICO) components described in Bettany-Saltikov (2012) . The remaining four authors were actively involved in the review and consultation process at each stage of this systematic literature review.
RESULTS
Ten studies involving almost 72 000 participants were selected for this systematic literature review. The reduction in mortality rates with NL-CCOSs was reported to be 80% (n = 8), but the statistical significance was low. Four studies showed reductions ranging from 0⋅1% to 0⋅22%. Greater statistical significance was reported for arrest call rates, with two studies claiming decreased rates of 58⋅7% (Benson et al., 2008) and 29⋅6% (Mitchell et al., 2014) . Three studies only recorded patient length of stay as an outcome -Pirret (2008) and Pirret et al. (2014) both reported that the introduction of an NL-CCOS decreased patient length of stay. Priestley et al.'s (2004) RCT produced contradictory findings between three data sets, hence the description of these findings as equivocal. Half of the included studies scored poorly in terms of quality and validity, and all were single-centre studies, thereby limiting generalizabilty.
DISCUSSION Primary outcome results -mortality
The introduction of an NL-CCOS appears to impact inpatients favourably by reducing mortality rates. Despite 80% (n = 8) of the included studies declaring this positive effect, the statistical values reported are not significant. It must be noted that the percentage reduction in mortality rates stated by six of the studies could be deemed too small to be significant -four of the studies reported a reduction in mortality rates of less than 1% (Bertaut et al., 2008 (0⋅22%) ; Leach et al., 2012 (0⋅22%); Mitchell et al., 2014 (0⋅17%) ; Pirret et al., 2014 (0⋅1%) ). Several of the authors asked for their results to be regarded with caution (Chan et al., 2008; Pirret, 2008; Scherr et al., 2012; Massey et al., 2014) . Benson et al. (2008) report a 9% reduction in average mortality per month and a 19⋅5% reduction in unexpected deaths per 1000 discharges post-introduction of an NL-CCOS, but no statistics are provided for the pre-intervention period, and n is unknown. Both Priestley et al. (2004) and Chan et al. (2008) reported a reduction in mortality with a p value of 0⋅52, but the studies are too heterogeneous in design and characteristics to perform a subset analysis of their results. Despite RCTs being described as the 'gold-standard' research design (Centre for Reviews and Dissemination, 2001), Priestley et al.'s, 2004 RCT was a single-centre study with 7450 participants, of whom only 2903 were eligible for the primary comparison. The study authors believe that CCO should have been introduced to the UK in the context of multicentre RCTs, arguing that its introduction as standard practice contaminated the control conditions necessary for the accurate measurement of effectiveness. Chen et al. (2014) echo this opinion in their study on the impact of rapid response systems, adding that the international uptake of these systems may mean that conventional RCTs are no longer the study design of choice. Pirret's (2008) study stated that the number of deaths was too small for statistical analysis but did acknowledge that there were four deaths pre-intervention and one death post-introduction of the NL-CCOS. Taking into consideration the small sample size (n = 133), this could be interpreted as a significant reduction in mortality. Pirret et al.'s (2014) study ensured that NL-CCOS referrals placed on the palliative care pathway were recorded, but their statistics still did not reflect patients with Do Not Resuscitate (DNR) status on admission. Chan et al. (2008) also admitted that they did not have data on DNR status for the entire study population, which may have limited the detection of a mortality benefit. The authors stated that the number of deaths post-introduction of the NL-CCOS was 70; however, 51 of these deaths included patients with DNR status on admission (5), DNR status made during an NL-CCOS activation (6) and subsequent DNR status in the following weeks (40). Nineteen patients did not have any DNR status, and the authors report that three of these patients died during the initial NL-CCOS response. Chan et al. (2008) were the only authors to report any statistics on DNR status and its potential impact on mortality findings. Bertaut et al. (2008) and Massey et al. (2014) recommended further exploration of rapid response systems and the value of their impact on DNR status and palliative care consults. This paper suggests that DNR status data should be included in future NL-CCOS studies to facilitate more accurate detection of a mortality benefit. Chan et al. (2008) concluded that an NL-CCOS did not significantly reduce overall mortality and opined that prior studies had overestimated the impact of NL-CCOS on adult inpatients because the statistical analysis performed simply compared aggregate mortality and cardiac arrest rates before and after the NL-CCOS implementation without accounting for secular trends. Chan et al.'s (2008) study purports the performance of a more rigorous assessment by having identical preand post intervention periods, a longer post-intervention follow-up period and adjustment for pre-intervention secular trends. The authors did acknowledge that their study was slightly underpowered at 78% to detect a significant mortality difference. Massey et al.'s (2014) study stands alone in reporting an increase in mortality (4%) -this finding will be discussed further in relation to the study's statistics on arrest call rates. Mortality rates were only identified as the primary outcome in four of the studies.
Secondary outcome results -arrest call rates
Seven studies reported that an NL-CCOS appeared to reduce the incidence of arrest call rates. Benson et al. (2008) recorded a 58⋅7% decrease in arrest call rates one year after the introduction of a NL-CCOS. Mitchell et al. (2014) reported a significant 29⋅6% reduction in ICU arrest calls over the 7-year study period. An initial decrease in the number of arrest calls was attributed to numerous factors -the introduction of the NL-CCOS, the opening of a 26-bed ICU, doubling the current ICU capacity and the provision of an additional 56 new telemetry and surgical beds. An increase in arrest call rates in the latter years of the study was attributed to factors including an aging population and changes made to disease code classifications and definitions occurring during the third year. Another contributing factor may have been the underuse of the NL-CCOS -the recommended 'dose' (referrals) is 25 per 1000 discharges (IHI, 2007) . The NL-CCOS dose in 2011 was reported by Mitchell et al. (2014) as 20⋅3 per 1000 discharges. Bertaut et al. (2008) stated that their study showed a 9% reduction in arrest call rates but did not provide descriptive statistics. They did, however, identify a trend between the number of arrest call rates and the number of NL-CCOS referrals, reporting a decrease in the incidence of arrest calls as the number of NL-CCOS referrals rose. In terms of p value, Scherr et al.'s (2012) study described a less significant reduction (p = 0⋅835). Chan et al. (2008) reported a decrease in hospital-wide arrests (p = 0⋅06), with a further classification of non-ICU arrests also showing a decrease in incidence (p = 0⋅01). A significant p value (p = 0⋅009) reported by Pirret et al., in 2014 reflects a 50% reduction in arrest call rates. Leach et al. (2012) stated that the number of arrest calls decreased from 47 in the control period to 40 post-introduction of an NL-CCOS. This figure may not appear significant, but the control period was 1 year, and the intervention period was 4 years, therefore increasing the significance of the reduction -no statistics were provided to further examine this finding. Massey et al. (2014) were solitary in reporting an increase in arrest call rates (2⋅6%). Considering that Massey et al. (2014) were also the only authors to report an increase in mortality, this paper would conclude that the short post-intervention data collection period of 3 months may have had some bearing on these statistics, and the study authors acknowledged that this may have affected results.
Patient length of stay
Patient length of stay was examined by three studies the Cox proportional hazard model with three data sets used by Priestley et al. (2004) produced contradictory findings. Data set 1 found that patient length of stay was increased because of the introduction of the NL-CCOS. Data set 2 (matched randomized) corroborated the findings of data set 1, but data set 3 (before-after) contradicted these results by showing that an NL-CCOS reduced patient length of stay. The number of patients eligible for length of stay analysis decreased from 7036 in data set 1 to 2733 and 2855, respectively, in data sets 2 and 3, which may have had some bearing on the results. The authors admitted that, if allowance for clustering had a similar effect on patient length of stay data as on in-hospital mortality data, all three comparisons could be rendered non-significant, hence the description of findings as equivocal. Pirret (2008) examined patient length of stay in terms of ICU readmissions at less than 72 h and reported a decrease from 5 days in the control period to 3 days in the intervention period.These data, however, represent just two ICU readmissions at less than 72 h in the entire study, one referred by the NL-CCOS and one referred by the MET out of hours. Pirret et al. (2014) reported a significant decrease in mean hospital patient length of stay from 589⋅7 days per 1000 admissions in the control period to 295⋅4 days per 1000 admissions following the introduction of the NL-CCOS (p = ≤0⋅001).
STRENGTHS AND LIMITATIONS
Previous systematic literature reviews have examined CCO and its impact on mortality (Esmonde et al., 2006; McGaughey et al., 2007) , but this paper did not identify another systematic literature review exclusively examining NL-CCOSs, thereby providing an opportunity to examine data not previously reviewed. Quality standards were adhered to by using the PRISMA checklist, PRISMA flow diagrams (Moher et al., 2009) and two critical appraisal tools to assess the included studies. Harden et al. (2004) warn that systematic literature reviews are only as good as the quality of the studies available and selected for review. Less than half of this systematic literature review's studies scored highly on validity, and heterogeneity between studies did not allow for meta-analysis to be performed, reducing the scientific rigour of this review.
Heterogeneity exists not only in study design but in how NL-CCOSs are defined, described and operated in different settings and countries. The introduction to this systematic literature review included discussion on how diversity in CCO models and taxonomy worldwide have led to inconclusivity regarding its efficacy (De Vita et al., 2006; Pedersen et al., 2014) . The NL-CCOS team composition was clearly identified in all 10 studies, but the operational hours varied from 3 days a week to 24 hours, 7 days a week services. This paper shows that the variation in hours of service might limit the ability to compare data across studies. The NL-CCOS operated as a two-tiered rapid response system alongside an established MET in four cases (Pirret, 2008; Scherr et al., 2012; Massey et al., 2014; Pirret et al., 2014 ) -only Scherr et al.'s, 2012 study provided comparative data between an NL-CCOS and a MET, and this paper suggests that statistical comparison between both services would add scientific rigour to studies examining nurse-led services.
Numerous authors continue to recommend multicentre RCTs to provide scientific rigour and conclusively prove the efficacy of NL-CCOSs, but the caveats issued by Priestley et al. (2004) and Chen et al. (2014) regarding contamination of control conditions must be considered. A lack of data on DNR status acknowledged as a study limitation by Chan et al. (2008) could also prove a limiting factor in this systematic literature review as DNR status among the other study populations was not identified and could impact the reporting of a mortality benefit.
CONCLUSION
While 80% (n = 8) of the studies in this systematic literature review demonstrated a reduction in patient mortality, only two of these studies - Priestley et al. (2004) and Chan et al. (2008) -demonstrated a statistically significant improvement, with both reporting a p value of 0⋅52. The data therefore confirm a trend that NL-CCOSs impact positively on patient mortality, but additional work is required. Arrest call rates also appeared to be reduced by the existence of an NL-CCOS, with higher statistical significance than mortality rates reported in several studies (Benson et al., 2008 (58⋅7%) ; Bertaut et al., 2008 (9%) ; Mitchell et al., 2014 (29⋅6%) ; Pirret et al., 2014 (50%; p = 0⋅009) . This reduction in arrest call rates implies that NL-CCOSs impact positively on patient care at the level of monitoring and assessment of the deteriorating patient, thereby reducing the incidence of arrest calls and potentially decreasing mortality rates. A trend was identified by two studies demonstrating an inverse relationship between the number of NL-CCOS referrals and arrest call rates -arrest call rates decreased as the number of NL-CCOS referrals rose (Bertaut et al., 2008; Mitchell et al., 2014) . Patient length of stay was an outcome examined by 30% (n = 3) of the studies - Pirret (2008) reported a decrease from 5 days to 3 days in terms of ICU readmissions at less than 72 h. Pirret et al. (2014) reported a more significant decrease (p = <0⋅001) in patient length of stay following the introduction of an NL-CCOS. Priestley et al.'s, 2004 RCT produced contradictory findings and described their findings as equivocal.
Hospitals worldwide are undoubtedly behove to prove the benefits of NL-CCOSs and justify their existence in terms of cost-effectiveness, but benefits need to be viewed in broader terms than just financial ones. The studies included in this systematic literature review identified positive trends in relation to improved quality of patient care and ongoing staff support and education following the introduction of an NL-CCOS. Two studies commented on the additional benefit of NL-CCOS members as advocates and mediators when broaching the sensitive subject of end-of-life/palliative care (Chan et al., 2008; Mitchell et al., 2014) . The preventative nature of outreach care and its value as a patient safety initiative is best summed up as follows:
'the names of the patients whose lives we save can never be known. Our contribution will be what did not happen to them' (Berwick et al., 2006) 
RECOMMENDATIONS
Further quantitative research, including larger systematic reviews, is required to examine NL-CCOSs, and this paper would recommend both multicentre RCTs and before-and-after study designs with greater uniformity of criteria. Before-and-after designs would also benefit from set study criteria, including a required minimum number of participants; a minimum data collection period of 3 months prior to implementation and 1 year post-intervention; and similarity in nurse grade, team composition and hours of operation of the NL-CCOS to increase validity and generalisability. Standardization of terminology, recommended at the MET conference in 2005 (De Vita et al., 2006) , needs further review -greater clarity in identifying physician-led and nurse-led services in the literature would assist researchers performing database searches. Finally, more qualitative studies are recommended to examine the opinions of nursing staff, patients, their families and the multidisciplinary team on NL-CCOSs. Qualitative data from two mixed methods studies not utilized in this quantitative systematic literature review provided valuable insights into other elements of NL-CCOSs, which warrants further exploration -these include ongoing education and support of junior staff, patient advocacy, mediation with families in the sensitive area of end-of-life care and discussion regarding DNR status. This paper reiterates its recommendation that future studies include data on DNR status to facilitate a more accurate detection of a mortality benefit.
WHAT IS KNOWN ABOUT THIS TOPIC
• NL-CCOSs have existed since the 1990s and are now most prevalent in Australia, New Zealand, UK, USA and Canada.
• The services respond to EWS activations and staff concerns regarding deteroriating patients -hospitals often operate a two-tiered response system, combining physican-led and nurse-led services.
• Several international studies have reported inconclusive findings on the impact of NL-CCOSs.
WHAT THIS PAPER ADDS
• A systematic review exclusively examining the impact of NL-CCOSs on ward patients in terms of mortality as a primary outcome, with secondary outcomes including arrest call rates and patient length of stay.
• Evidence suggests an overall positive trend in terms of mortality reduction -statistical significance is low in several studies.
• Terminology needs standardization to improve communication, education and literature searches.
• Recommendations include further systematic reviews of NL-CCOSs, both quantitative and qualitative.
• Benefits other than cost-effectiveness need consideration -patient, family and nursing staff perspectives.
